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Available online 30 January 2015AbstractBackground/Objective: This study evaluated the influence of sex on changes in cytokines, heat shock proteins (HSPs), and oxidative stress in
response to a single bout of total body resistance exercise.
Methods: Sixteen healthy volunteers (8 men and 8 women), active and recreationally trained in resistance exercise, were subjected to a single
bout of total body resistance exercise (3  8e10 repetition maximum, 10 exercises, rests periods of 90e120 seconds). Serum creatine kinase
(CK), interleukin (IL)-6, IL-10, tumor necrosis factor-a, HSP60, HSP70, thiobarbituric acid reactive substance, and reduced glutathione were
assessed at pre-protocol, and 1 hour, 4 hours, and 24 hours post-protocol.
Results: Both men and women had a similar increase in CK ( p < 0.05) activity at 24 hours post-exercise. Significant sex differences were
observed for IL-6. In the men, an increase from baseline was noted at 1 hour for IL-6. In women, an increase from baseline was noted at 4 hours
only for IL-6. There was a significant correlation between peak IL-6 blood level and CK level at 24 hours only in the women. No significant
changes were observed in IL-10, tumor necrosis factor-a, HSP60, HSP70, thiobarbituric acid reactive substance, and reduced glutathione.
Conclusion: Acute total body resistance exercise altered circulating levels of IL-6 and sex differences existed in the temporal pattern and
magnitude of this response.
Copyright © 2015, The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Cytokines; Heat shock protein; Oxidative stress; Sex; Weight bearing exercise programIntroduction
A single bout of heavy resistance exercise increases plasma
cytokines1,2 that can influence metabolism2,3 and tissue
remodeling, especially in response to muscle damage.3 Cyto-
kines may be classified as pro- and anti-inflammatory. The
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inflammatory responses followed by exercise-induced muscle
damage. By contrast, anti-inflammatory cytokines such as IL-
10 and IL-1 receptor antagonist (IL-1ra) inhibit inflammatory
responses.4 IL-6 can act as both a pro- and anti-inflammatory
cytokine, depending on the situation.4,5 Specifically, IL-6 may
act as an essential regulator of satellite-cell-mediated hyper-
trophic muscle growth,6 and may also play a role in tissue
remodeling (muscle), especially in response to muscle dam-
age.3,7 In the metabolic context, IL-6 contributes to glucose
homeostasis by inducing hepatic glucose output and mediating
lipolysis.2,3 Furthermore, exercise-induced cytokines may beitness. Published by Elsevier (Singapore) Pte Ltd. This is an open access article under the
Table 1
Participants and training session characteristics.
Participant characteristics Men (n ¼ 8) Women (n ¼ 8)
Age (y) 27.1 ± 1.2 24.5 ± 0.8
Body mass (kg) 77.7 ± 2.2 57.2 ± 2.4*
Height (cm) 175.5 ± 1.2 158.8 ± 2.3*
Body fat (%) 11.3 ± 0.6 24.8 ± 1.8*
Lean body mass (kg) 68.8 ± 1.7 42.9 ± 1.7*
Total load (kg) 768.5 ± 24.2 449.2 ± 29.7*
Total load corrected for
lean mass (total load/lean mass)
11.2 ± 0.5 10.5 ± 0.6
2 R. Benini et al. / Journal of Exercise Science & Fitness 13 (2015) 1e7associated with alterations in extracellular heat shock protein
(HSP) levels and oxidative stress.8
Most HSP families are predominantly intracellular proteins
that bind to nascent peptides and proteins and facilitate proper
assembly and folding. Their concentrations are increased in
response to a variety of stressful conditions to protect against
protein denaturation and cell death. Under conditions of stress
the 70-kDa HSP (HSP70) is released into the circulation where
it induces a proinflammatory immune response.9 It has been
suggested that circulating HSP70 exerts an immunomodula-
tory effect following exercise.8 Furthermore, thiobarbituric
acid reactive substance (TBARS), a lipoperoxidation marker,
reduced glutathione (GSH), and non-protein small thiols, have
previously been demonstrated to be involved in oxidative
stress and inflammatory responses following exercise.8
Previous studies have failed to demonstrate consistency in
the temporal pattern, magnitude of response, and/or a signif-
icant change in systemic cytokines after a single bout of
resistance exercise in men and women.1,7 In general, after
resistance exercise levels of IL-6 and IL-10 increased between
one- and fivefold and peaked between 1 hour and 24 hours,
while TNF-a levels remained unchanged or decreased.1,7
Although these variations have been attributed to different
variables used in the individual studies (physical fitness level,
nutrition intake, and training intensity and volume)1,3,10 it is
still unclear to what extent sex difference influences cytokine
responses to resistance exercise because these studies have
focused predominantly on male populations or have not been
directed to this purpose.1,3,10 Recently, only two studies have
observed resistance exercise effects on IL-6, IL-10, and TNF-
a responses in women.11,12 Although these studies were not
directed to investigate sex difference on cytokines, no change
was reported in IL-6, IL-10, and TNF-a concentrations after
resistance exercise.
Significant sex dimorphisms in immune responses to non-
exercising conditions have been well documented.13 Men and
women display sex differences in regulating substrate utili-
zation,14 muscle fatigue,15 endocrine function,10,16 oxidative
stress,17 muscle damage,18 and inflammatory responses during
exercise.10,19,20 These exercise responses may result in sex-
specific immunomodulatory effects.2e4,8
Thus, new insights into physiological adjustments may be
gained by further elucidation of relationships between sex and
temporal changes in cytokines, oxidative stress markers, and
HSP during a single bout of resistance exercise. We hypoth-
esized that changes in cytokines, HSP, and oxidative stress
markers in response to an acute resistance exercise regimen
would be attenuated in women.
Methods
Total repetition number 290.5 ± 4.1 299.9 ± 1.9
Total volume 22,492.4 ± 862.0 13,666.8 ± 945.4*Sample selection
(repetition  sets  load)
Total volume corrected for lean
mass (total volume/lean mass)
329.1 ± 17.5 319.4 ± 20.4
Data are presented as mean ± standard error.
*Significantly different between groups ( p < 0.05; independent t test).Before the study, participants completed a physical activity
questionnaire indicating their weekly physical training activ-
ities and how long they had been training. Participants
involved with a resistance training program for a minimum of1 year and at least 2 days per week were selected. Participants
involved with competitive weight lifters, engaged in any spe-
cific training cycle outside of this investigation, any dietary or
performance enhancing supplements, or any injuries or any
pre-existing medical conditions that could affect safety and the
protocol response were excluded.
Thus, 16 healthy recreationally resistance trained (8 men
and 8 women), aged 20e30 years, and eutrophic, participated
in the study (Table 1). All women were oral hormonal con-
traceptive users (combination of ethinyl estradiol and pro-
gestin). Four volunteers (2 male and 2 female) participated in
some form of endurance exercise (running or treadmill exer-
cise two or three times/week). Participation was voluntary and
participants were advised of their right to cease participation at
any time. Participants were informed about the possible risks
and discomfort involved before their written consent was ob-
tained. The research was approved by the Research Ethics
Committee of the Institute of Health Sciences, Federal Uni-
versity of Tria^ngulo Mineiro, Minas Gerais, Brazil, and was in
accordance with the Declaration of Helsinki.Experimental protocolBefore the beginning of the resistance exercise session, the
participants were submitted to a two-session learning period to
adapt themselves to the protocol (range 8e10 repetition
maximum, RM). Then, each participant took part in two ex-
ercise sessions: (1) familiarization and (2) test. During the
familiarization, after a warm-up pattern (5 minutes), the par-
ticipants attempted one set of 8e10 repetitions (all exercises)
with their self-selected 8e10 RM load. In case of under- or
overestimation they rested for 3e5 minutes prior to the next
attempt with a new 8e10-RM load. On average, this procedure
was repeated 3e5 times until the individual 8e10 RM (real)
was obtained. After an interval of 4e5 days, all participants
were advised to abstain from exercise for 2 days prior to the
acute testing visit (see Total body resistance exercise session).
One day before the resistance exercise session, a standard
diet was provided (in writing) to all volunteers. On the
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laboratory at 6 AM for a body composition analysis after an
overnight fast. Then, a standard meal (breakfast) was provided.
The resistance exercise session was started 1 hour after feeding.
Blood samples were collected at pre-protocol, and 1 hour,
4 hours, and 24 hours post-protocol. Following the single bout
of resistance exercise protocol, the participants remained seated
at the laboratory. Between 4 hours and 24 hours the participants
remained in their normal routines without exercise/sports and
were advised to remain with the standard diet (Fig. 1).Fig. 1. Schematic representation of the experimental protocol. BC ¼ body composition; Pre ¼ before RE; Post ¼ 1 hour, 4 hours, and 24 hours after RE; RE ¼
resistance exercise session of 1 hour's duration; [ ¼ blood sample.Anthropometric measurements and diet monitoringHeight and weight were obtained using a stadiometer and a
standard balance beam scale, respectively. Bioelectric
impedance analysis was used to measure body composition
(Model 450; Biodynamics, Shoreline, WA, USA). Before
testing, all participants were instructed to avoid exercise, not
to consume caffeine or alcohol within 1 day of the test, to fast
for at least 10e12 hours prior to testing, and to drink 2 L of
water and to empty their urinary bladder in order to reduce
factors that might influence the results. Relative body fat (%)
was calculated and lean mass (kg) was estimated by the
equation proposed by Lukaski et al.21
One day before the resistance exercise session, a standard
diet was provided to all volunteers containing about 30 kcal/kg
and 60% carbohydrate, 23% protein, and 17% fat.22 One hour
before the resistance exercise session, a standard meal
(breakfast) was provided to all volunteers containing about
8 kcal/kg and 60% carbohydrate, 23% protein, and 17% fat.
The standard diet was elaborated by a qualified nutritionist.Total body resistance exercise sessionPrevious to the testing visit, all participants were advised to
abstain from exercise for 3 days prior to the resistance exercise
session. The weight training was supervised by a qualified
professional. The protocol consisted of dynamic exercises for
the lower and upper limbs for a total of 1 hour. The training
protocol consisted of the following: thighs (hack squat, leg
extension, and leg curl), back (seated row and lat pull down),
chest (bench press and pec deck), biceps (biceps curl), triceps
(triceps pulley), and calf (calf raise). The training zone con-
sisted of three series of 8e10 RM. A period of 90e120 seconds
rest was established between series and exercises. During thetraining sessions, the participants were advised to perform
eccentric actions for 1 second and concentric actions for
1 second. In order to obtain sex characteristics of the resistance
training protocol, the volume and load of all participants were
corrected for whole body lean mass.Blood samplesBlood samples were collected from each participant after
12 hours of fasting. The samples (10 mL) were centrifuged(1500g, 4C, 15 minutes) and the serum was aliquoted and
stored at 80C for subsequent analysis. TNF-a, IL-6, and IL-
10 were assessed by enzyme-linked immunosorbent assay
(Human TNF, Human IL-6, Human IL-10, Quantikines Kits;
R&D Systems, Minneapolis, MN, USA), in a solid phase of 5-
hours duration, according to the manufacturer's instructions.
Intra- and inter-assay variation coefficients were lower than
7%. Analytical sensitivity, according to the manufacturers of
the kits, was: TNF-a ¼ 1.6 pg/mL, IL-6 ¼ 0.70 pg/mL, and
IL-10 ¼ 3.9 pg/mL. Serum concentrations of HSP60 and
HSP70 were assessed by enzyme-linked immunosorbent assay
(Assay Designs, Stressgen, Ann Arbor, MI, USA) according to
the manufacturer's recommendations. Analytical sensitivity
was: HSP60 ¼ 3.125 ng/mL and HSP70 ¼ 0.090 ng/mL. Intra-
and inter-assay variation coefficients were lower than 10%
according to the manufacturer's instructions.
Creatine kinase (CK) activity was determined spectro-
photometrically using a commercially available kit (Gold
Analisa Diagnostica, Belo Horizonte, Brazil). The inter- and
intra-assay coefficients of variation of the CK assay were
2.4% and 3.5%, respectively. Concentrations of reduced
glutathione (GSH; in fact, non-protein small thiols) in whole
blood were determined with Elman's reagent (dithioni-
trobenzoic acid), at a wavelength of 412 nm, in a spectro-
photometer, as described previously.23 Lipoperoxidation was
assessed in the sera by measuring the levels of thiobarbituric
acid reactive substance (TBARS) as described previously.23
First, the serum was precipitated by the addition of 12%
trichloroacetic acid (1 mL 12% trichloroacetic acid per
100 mL sample) followed by vigorous shaking for 5 seconds.
Next, the sample was incubated for 1 hour at 100C in the
presence of 0.9 mL 60mM TriseHCl buffer, pH 7.4 (0.1mM
diethylenetriaminepentaacetic acid) and 1 mL 0.73% TBA.
After incubation, the material was chilled for 30 minutes at
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spectrophotometer. The inter- and intra-assay coefficients of
variation of the TBARS assay were 7.3% and 8.6%,
respectively.
All evaluations were performed in duplicate by the same
experienced researcher in a single experiment to minimize
inter-assay variations.Statistical analysisA KolmogoroveSmirnov test was conducted to verify a
normal distribution. Data were analyzed using time (pre-pro-
tocol, and 1 hour, 4 hours, and 24 hours post-protocol)
repeated-measures analysis of variance. When appropriate,
the Fisher's post hoc test was performed to determine differ-
ences. Mauchly's test of sphericity was used to assess homo-
geneity of variance in the repeated-measures design. When
significant, a GreenhouseeGeisser correction was used. Dif-
ferences between groups (men vs. women) were determined
by the independent t test. Correlation analysis was used to
determine the association between the significant values ob-
tained. Data are presented as mean ± standard error with the a
level for significance set at p < 0.05. Statistical power
(observed power) was used to report the probability of a type
II error. The effect size (partial h, h2) was used to report the
strength of intervention.
Results
Significant sex effects were observed in anthropometric
variables. Both sexes performed the protocol with the same
RM number. Men performed a greater absolute amount of load
and volume. However, the total load and volume corrected for
lean mass showed no difference between men and women
(Table 1). There was a significant ( p ¼ 0.027) increase in CK
activity at 24 hours post-exercise compared to pre-exercise
(Fig. 2). No significant difference was observed between sex
or interaction between sexes by time.Fig. 2. Mean ± standard error serum creatine kinase (U/L) responses in men
and women to an acute resistance exercise session. *p  0.05 from corre-
sponding pre-exercise values.Significant time effects were observed for IL-6. In men, an
increase from baseline was noted at 1 hour, returning to
baseline levels at 4 hours and 24 hours. In women, an increase
from baseline was noted at 4 hours, returning to baseline levels
at 24 hours (Table 2). There was a significant correlation be-
tween the peak IL-6 blood level and the CK level at 24 hours
only in women (Table 3).
No significant change was observed in IL-10, TNF-a,
HSP60, HSP70, TBARS, and GSH (Table 2).
Discussion
The cytokine changes during exercise are proposed to play
a role in metabolism, tissue remodeling, and inflammatory
responses.3 For this reason, many previous studies have
investigated the kinetics of cytokine production with resis-
tance exercise. However, these studies did not focus on the sex
difference in cytokine response to resistance exercise.1,3,10
Men and women display sex differences in physiological re-
sponses during exercise; these exercise responses may result in
sex-specific immunomodulatory effects.2e4,8 Thus, the pur-
pose of this study was to evaluate the acute effects of a total
body resistance exercise protocol on cytokines, HSP, and
oxidative stress markers in recreationally resistance trained
men and women. TNF-a, IL-10, HSP70, HSP60, TBARS, and
GSH did not change following an acute total body resistance
exercise protocol in women and men recreationally trained.
However, the resistance exercise protocol was associated with
modest increases in IL-6 and CK activity. Men and women
had differences in the temporal pattern and magnitude of IL-6
responses. Women exhibited a delayed change in IL-6 levels
and showed a correlation between peak serum IL-6 and CK
response compared to men.
CK activity is used to indicate muscle damage following
exercise. Values of 1000 IU/L may be used to separate par-
ticipants with mild and severe muscle damage.7 Our study
showed that the resistance training protocol induced an in-
crease of approximately 600 IU/L in the CK activity at
24 hours post-exercise in men and women. Resistance exercise
typically causes mild muscle damage (<1000 IU/L).7
The physiological response to muscle damage is inflam-
mation, which involves the production of cytokines.7,10 In this
context, IL-6 may act as an essential regulator of satellite-cell-
mediated hypertrophic muscle growth,6 and may also play a
role in tissue remodeling (muscle), especially in response to
muscle damage.3,7 Exercise protocols that induce muscle
damage (i.e., downhill running and eccentric actions of the leg
or arm muscles) increase plasma IL-6 concentration for several
hours after exercise.7 By contrast, it has been suggested that the
skeletal muscle per se (regardless of muscle damage) is the
main source of IL-6 in the circulation in response to exercise
and the peak plasma IL-6 concentration occurs at cessation of
the exercise or shortly after, followed by a rapid decrease to-
wards pre-exercise levels.2,3,24 IL-6 values are markedly
enhanced by exercise when glycogen levels are low.2 IL-6
values observed in the present investigation show significant
increases (~3-fold) from baseline at 1 hour in men, while in
Table 2
Cytokine, HSP and stress oxidative marker responses in men and women to an acute resistance exercise session.
Pre 1 h 4 h 24 h ANOVA
p
Partial
h2
Power
observed
IL-6 (pg/mL) Men 1.5 ± 0.4 4.4 ± 0.6** 2.4 ± 0.3 1.1 ± 0.2 0.001 0.514 0.99
Women 1.6 ± 0.3 2.1 ± 0.4 3.4 ± 0.5* 1.3 ± 0.1 <0.001 0.346 0.98
IL-10 (pg/mL) Men 1.2 ± 0.1** 4.1 ± 1.8 2.3 ± 0.6** 0.7 ± 0.1** 0.105
Women 5.8 ± 2.1 3.6 ± 1.4 5.7 ± 1.4 5.6 ± 1.9 0.538
TNF-a (pg/mL) Men 2.8 ± 0.6 2.0 ± 0.4 2.5 ± 0.5 2.4 ± 0.6 0.055
Women 1.9 ± 0.3 2.1 ± 0.3 1.6 ± 0.2 1.2 ± 0.1 0.126
HSP60 (ng/mL) Men 2.7 ± 1.1 2.3 ± 1.1 2.3 ± 1.0 2.3 ± 0.9 0.417
Women 2.6 ± 1.1 3.1 ± 1.2 2.9 ± 1.1 2.4 ± 0.9 0.218
HSP70 (ng/mL) Men 1.2 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 0.434
Women 1.9 ± 0.3 1.6 ± 0.2 1.6 ± 0.2 1.1 ± 0.1 0.139
TBARS (mmol/L) Men 63.8 ± 4.8 78.1 ± 7.4 86.2 ± 12.4 90.7 ± 16.6 0.065
Women 92.2 ± 4.2 94.3 ± 9.6 79.4 ± 2.8 85.0 ± 6.8 0.163
GSH (mmol/L) Men 1.5 ± 0.3 1.6 ± 0.3 1.6 ± 0.4 1.8 ± 0.4 0.358
Women 1.7 ± 0.2 1.4 ± 0.2 1.4 ± 0.2 1.4 ± 0.2 0.303
Date are presented as mean ± standard error.
* Significantly different from corresponding pre-exercise values ( p < 0.05; Fisher's post hoc test).
** Significantly different between groups ( p < 0.05; independent t test).
GSH ¼ reduced glutathione; HSP ¼ heat shock protein; IL ¼ interleukin; Pre ¼ pre-protocol; TBARS ¼ thiobarbituric acid reactive substance; TNF ¼ tumor
necrosis factor.
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There was a positive correlation between the peak serum IL-6
concentration (4 hours) and CK activity (24 hours after exer-
cise) only in the women (Table 3). Taken together, it seems
likely that the late response of IL-6 in women was due to
muscle damage but not in men. Men and women display sex
differences (attributed to sex hormone) in regulating substrate
utilization,14 which translates into a proportionately lower
carbohydrate and higher fat oxidations. All women in the
present study were oral hormonal contraceptive users. The use
of oral contraceptives may alter glucose metabolism and insulin
sensitivity during exercise25 and attenuate IL-6 response.26 This
would explain the lack of IL-6 response to resistance exercise
in women at 1 hour after resistance exercise.
It has been consistently demonstrated that the serum con-
centration of IL-6 increases during muscular exercise.2Table 3
Correlation between IL-6 (before, and 1 hour, 4 hours, and 24 hours after) and
CK at 24 hours and DCK.
Pre 1 h 4 h 24 h
Women CKe24 h r ¼ 0.12 r ¼ 0.20 r ¼ 0.87 r ¼ 0.65
p ¼ 0.972 p ¼ 0.631 p ¼ 0.005 p ¼ 0.082
%D CK r ¼ 0.07 r ¼ 0.01 r ¼ 0.86 r ¼ 0.68
p ¼ 0.867 p ¼ 0.986 p ¼ 0.007 p ¼ 0.064
Men CKe24 h r ¼ 0.57 r ¼ 0.36 r ¼ 0.10 r ¼ 0.60
p ¼ 0.140 p ¼ 0.378 p ¼ 0.809 p ¼ 0.115
%D CK r ¼ 0.09 r ¼ 0.59 r ¼ 0.05 r ¼ 0.10
p ¼ 0.841 p ¼ 0.123 p ¼ 0.893 p ¼ 0.813
CK ¼ creatine kinase; IL ¼ interleukin; Pre ¼ pre-protocol.Although the basal IL-6 concentration may increase up to
100-fold, less dramatic increases are more frequent, especially
in resistance exercise.1,2,27 Nieman et al28 reported an
increased IL-6 value immediately post-exercise and at 1 hour
with values similar to ours in men. Other studies have reported
IL-6 values ranging from 2.0 pg/mL to 7.5 pg/mL (1e4-fold)
immediately after and 45e90 minutes after exercise in
men.27,29,30 In women, a study reported no change in serum
IL-6 at 3 hours, 24 hours, or 2 days after the exercise session,
but there was mRNA upregulation for IL-6 post-exercise.12
However, few studies have been directed to this purpose in
women, which makes it difficult to compare values and peak
time point.1
Anti-inflammatory cytokines such as IL-10 inhibit inflam-
matory responses4 and no difference in baseline IL-10 level
between both men and women has been suggested.31 However,
the women showed a higher circulating IL-10 level at baseline
than did the men. Our data suggest differences in immune
responses between men and women in nonexercising condi-
tions.20 In men, a decreased T lymphocyte count as compared
to that in women may play a role in the differences in immune
responses between the sexes.31,32 Furthermore, differences in
in vitro stimulation of lymphocytes with phytohemagglutinin
and sex differences in the T helper 2 cytokine profile (IL-4 and
IL-10) have been previously demonstrated under nonexercis-
ing conditions. Women possess a greater T helper 2 cytokine
release (IL-4 and IL-10) than men do.33 It is known that es-
trogen and progesterone induce IL-10 production.34,35 In this
context, oral contraceptives may have influenced baseline IL-
10 levels in women.
6 R. Benini et al. / Journal of Exercise Science & Fitness 13 (2015) 1e7Infusion of recombinant human IL-6 drastically affects the
levels of IL-10 1 hour after infusion.36 Therefore, we expected
IL6-induced increases in IL-10 in men. In the present inves-
tigation there were no significant increases in IL-10 in men
and women (Table 2). Steensberg et al36 showed that an in-
crease of 36-fold in IL-6 affects the levels of IL-10 by fourfold
1 hour after infusion. Therefore, it is possible that exercise-
induced IL-6 (2e3-fold) was not enough to stimulate IL-10
in men and women. Nevertheless, our data are different
from others. Nieman et al28 reported increased IL-10 imme-
diately and 1 hour post-exercise in men. In women, few
studies have been directed to this purpose, which makes it
difficult to compare values.1
It has been suggested that exercise modifies redox status.
The consequent oxidative modification induces HSP70 release
by the liver. HSP70 has been shown to bind to Toll-like re-
ceptors 2 and 4, inducing an acute inflammatory state.8 TNF-
a, HSP70, HSP60, TBARS (lipoperoxidation marker), and
GSH (non-protein small thiols) observed in the present
investigation showed no significant change in men and
women. Therefore, it is possible that the resistance exercise
protocol used was not sufficient to modify redox status and
induce an acute inflammatory state in men and women.
Furthermore, it has been reported that the plasma concentra-
tions of TNF-a does not change following exercise1,7 by
inhibitory effect of exercise-released IL-6.5,37e39
Given the small sample size, it is possible that the present
studies were underpowered (n ¼ 16; small sample size) to
detect small differences in cytokines, HSPs, or lip-
operoxidation marker. Another limitation of the present study
was oral contraceptive use. Therefore, future work should
examine whether oral contraceptives influence IL-6 release
from contracting muscle during exercise.
In conclusion, TNF-a, IL-10, HSP70, HSP60, TBARS, and
GSH do not change following an acute total body resistance
exercise protocol in women and men recreationally trained in
resistance exercise. However, acute total body resistance ex-
ercise results in increases in circulating IL-6 and CK. Men and
women recreationally trained have significant differences in the
temporal pattern and magnitude of IL-6 responses to a resis-
tance exercise protocol. Women showed a delayed change in
IL-6 levels compared to men. Thus, this study provides novel
insight into the relationships between sex and temporal changes
in IL-6 during a total body resistance exercise protocol.
Conflicts of interest
The authors declare no conflicts of interest.
Funding/support
This investigation was supported by Fundaç~ao de Amparo a
Pesquisa de Minas Gerais e FAPEMIG (APQ-04402-10) and
by Coordenaç~ao de Aperfeiçoamento de Pessoal de Nível
Superior e CAPES.Acknowledgments
We thank Larissa Corre^a Barcelos, Camila Botelho Miguel,
Karina Brand~ao, Susana Merino, and Claudio Jose Silva for
assisting with the participants.
References
1. Calle MC, Fernandez ML. Effects of resistance training on the inflam-
matory response. Nutr Res Pract. 2010;4:259e269.
2. Pedersen BK, Febbraio MA. Muscle as an endocrine organ: focus on
muscle-derived interleukin-6. Physiol Rev. 2008;88:1379e1406.
3. Pedersen BK, Febbraio MA. Muscles, exercise and obesity: skeletal
muscle as a secretory organ. Nat Rev Endocrinol. 2012;8:457e465.
4. Walsh NP, Gleeson M, Shephard RJ, et al. Position statement. Part one:
immune function and exercise. Exerc Immunol Rev. 2011;17:6e63.
5. Petersen AM, Pedersen BK. The role of IL-6 in mediating the anti-
inflammatory effects of exercise. J Physiol Pharmacol. 2006;57(suppl
10):43e51.
6. Serrano AL, Baeza-Raja B, Perdiguero E, et al. Interleukin-6 is an
essential regulator of satellite cell-mediated skeletal muscle hypertrophy.
Cell Metab. 2008;7:33e44.
7. Paulsen G, Mikkelsen UR, Raastad T, et al. Leucocytes, cytokines and
satellite cells: what role do they play in muscle damage and regeneration
following eccentric exercise? Exerc Immunol Rev. 2012;18:42e97.
8. Heck TG, Scholer CM, de Bittencourt PI. HSP70 expression: does it a
novel fatigue signalling factor from immune system to the brain? Cell
Biochem Funct. 2011;29:215e226.
9. Calderwood SK, Mambula SS, Gray Jr PJ. Extracellular heat shock pro-
teins in cell signaling and immunity. Ann N Y Acad Sci. 2007;1113:28e39.
10. Fragala MS, Kraemer WJ, Denegar CR, et al. Neuroendocrine-immune
interactions and responses to exercise. Sports Med. 2011;41:621e639.
11. Pereira GB, Tibana RA, Navalta J, et al. Acute effects of resistance
training on cytokines and osteoprotegerin in women with metabolic
syndrome. Clin Physiol Funct Imaging. 2013;33:122e130.
12. Buford TW, Cooke MB, Willoughby DS. Resistance exercise-induced
changes of inflammatory gene expression within human skeletal muscle.
Eur J Appl Physiol. 2009;107:463e471.
13. Oertelt-Prigione S. The influence of sex and gender on the immune
response. Autoimmun Rev. 2012;11:A479eA485.
14. Tarnopolsky MA. Gender differences in substrate metabolism during
endurance exercise. Can J Appl Physiol. 2000;25:312e327.
15. Hicks AL, Kent-Braun J, Ditor DS. Sex differences in human skeletal
muscle fatigue. Exerc Sport Sci Rev. 2001;29:109e112.
16. Kraemer WJ, Ratamess NA. Hormonal responses and adaptations to
resistance exercise and training. Sports Med. 2005;35:339e361.
17. Enns DL, Tiidus PM. The influence of estrogen on skeletal muscle: sex
matters. Sports Med. 2010;40:41e58.
18. Wolf MR, Fragala MS, Volek JS, et al. Sex differences in creatine kinase
after acute heavy resistance exercise on circulating granulocyte estradiol
receptors. Eur J Appl Physiol. 2012;112:3335e3340.
19. Stupka N, Lowther S, Chorneyko K, et al. Gender differences in muscle
inflammation after eccentric exercise. J Appl Physiol.
2000;89:2325e2332.
20. Gillum TL, Kuennen MR, Schneider S, et al. A review of sex differences
in immune function after aerobic exercise. Exerc Immunol Rev.
2011;17:104e121.
21. Lukaski HC, Bolonchuk WW, Hall CB, et al. Validation of tetrapolar
bioelectrical impedance method to assess human body composition. J
Appl Physiol. 1986;60:1327e1332.
22. Food and Agriculture Organization/World Health Organization/United
Nations University. Energy and protein requirements. Report of a joint
FAO/WHO/UNU Expert Consultation. World Health Organ Tech Rep Ser.
1985;724, 1e206.
7R. Benini et al. / Journal of Exercise Science & Fitness 13 (2015) 1e723. Boesing F, Moreira EA, Wilhelm-Filho D, et al. Roux-en-Y bypass gas-
troplasty: markers of oxidative stress 6 months after surgery. Obes Surg.
2010;20:1236e1244.
24. Fischer CP. Interleukin-6 in acute exercise and training: what is the bio-
logical relevance? Exerc Immunol Rev. 2006;12:6e33.
25. Suh SH, Casazza GA, Horning MA, et al. Effects of oral contraceptives on
glucose flux and substrate oxidation rates during rest and exercise. J Appl
Physiol. 2003;94:285e294.
26. Timmons BW, Hamadeh MJ, Devries MC, et al. Influence of gender,
menstrual phase, and oral contraceptive use on immunological changes in
response to prolonged cycling. J Appl Physiol. 2005;99:979e985.
27. Izquierdo M, Ibanez J, Calbet JA, et al. Cytokine and hormone responses
to resistance training. Eur J Appl Physiol. 2009;107:397e409.
28. Nieman DC, Davis JM, Brown VA, et al. Influence of carbohydrate
ingestion on immune changes after 2 h of intensive resistance training. J
Appl Physiol. 2004;96:1292e1298.
29. Phillips MD, Mitchell JB, Currie-Elolf LM, et al. Influence of
commonly employed resistance exercise protocols on circulating IL-6
and indices of insulin sensitivity. J Strength Cond Res. 2010;24:
1091e1101.
30. Peake JM, Nosaka K, Muthalib M, et al. Systemic inflammatory responses
to maximal versus submaximal lengthening contractions of the elbow
flexors. Exerc Immunol Rev. 2006;12:72e85.31. Bouman A, Heineman MJ, Faas MM. Sex hormones and the immune
response in humans. Hum Reprod Update. 2005;11:411e423.
32. Giraldo E, Hinchado MD, Garcia JJ, et al. Influence of gender and oral
contraceptives intake on innate and inflammatory response. Role of
neuroendocrine factors. Mol Cell Biochem. 2008;313:147e153.
33. Giron-Gonzalez JA, Moral FJ, Elvira J, et al. Consistent production of a
higher TH1:TH2 cytokine ratio by stimulated T cells in men compared
with women. Eur J Endocrinol. 2000;143:31e36.
34. Druckmann R, Druckmann MA. Progesterone and the immunology of
pregnancy. J Steroid Biochem Mol Biol. 2005;97:389e396.
35. Salem ML. Estrogen, a double-edged sword: modulation of TH1- and
TH2-mediated inflammations by differential regulation of TH1/TH2
cytokine production. Curr Drug Targets Inflamm Allergy. 2004;3:97e104.
36. Steensberg A, Fischer CP, Keller C, et al. IL-6 enhances plasma IL-1ra,
IL-10, and cortisol in humans. Am J Physiol Endocrinol Metab.
2003;285:E433eE437.
37. Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. J
Appl Physiol. 2005;98:1154e1162.
38. Mathur N, Pedersen BK. Exercise as a mean to control low-grade systemic
inflammation. Mediators Inflamm. 2008;2008:109502. http://dx.doi.org/
10.1155/2008/109502. Epub 2009 Jan 11.
39. Starkie RL, Hargreaves M, Rolland J, et al. Heat stress, cytokines, and the
immune response to exercise. Brain Behav Immun. 2005;19:404e412.
